A run-to-run (R2R) control framework has been developed for application to supervisory control of semiconductor manufacturing processes. This generic framework, which is being developed for eventual transfer to industry, is one component of a multi-level control system that includes real-time equipment and process control as well as pseudo-real-time process control elements operating in conjunction with the R2R controller. The framework is compliant with existing trends and standards in industry. At the heart of the framework is a generic cell controller implementation that serves to support the R2R control algorithm and coordinate control and information flow between the various R2R control modules. This implementation provides for the easy incorporation of commercially available software into the control scheme. The R2R control algorithm incorporates a multi-thread process control and optimization scheme; this scheme supports the complementary utilization of any number of control and optimization modules resulting in more complete coverage of the control and optimization space than traditional single-thread methods. The R2R control algorithm has been implemented in the control of a reactive ion etcher. The implementation incorporates an optimization thread based on in-situ process models, and an SPC-based control thread. Results indicate a 70% improvement in reaching and maintaining target parameter values when compared with an open loop system.
INTRODUCTION
Maintaining acceptable yield in semiconductor (VLSI) manufacturing facilities in the face of smaller feature sizes and more complicated processes is requiring increasing amounts of process and equipment control at various levels throughout each facility. Achieving acceptable control at each process step in the facility is inherently difficult for a number of reasons. First and foremost, the control technology is basically sensor driven and sensor determined, and there are generally an insufficient number of sensors and actuators at each semiconductor manufacturing process step to establish a desired level of concurrent control over process parameters. Second, the theoretical knowledge of many processes in the semiconductor manufacturing facility (e.g., plasma etching, CVD, ion implantation, etc.) is limited to the point that theoretical process models are non-predictive; therefore models incorporated into the control scheme must rely on empirical data that is costly to obtain, difficult and costly to maintain (as it tends to quickly become antiquated), inherently inaccurate and non-precise, and generally machine specific and thus not portable. Third, although a number of algorithms and methods have emerged that address various aspects of control, there have been very few results that detail the scope of use and limitations of each method, or address the complementary utilization of the methods in a control system.'°A mong the various levels of control that may be incorporated into a manufacturing system, run-to-run (R2R) or sequential optimization and control has been receiving considerable attention over the past few years in the semiconductor manufacturing arena.3'9"°'13'15'-6"7 R2R control is a form of discrete process and machine control in which the product recipe with respect to a particular machine and machine process is modified at an ex-situ process-to-process level as opposed to an in-situ level, i.e., the product recipe is modified between machine runs rather than during runs. A major emphasis in R2R control research has been on the development and implementation of algorithms for discrete process control that are based on statistical process control (SPC) theory.15'17 These algorithms however represent only one form of technology available for use in a single aspect of R2R process optimization and control. A number of other methods and corresponding software solutions are available for implementation in discrete control systems. Examples include neural networks, expert systems, and fuzzy logic controllers.2'7'8 The ranges of use of each of these methods (including SPC), though generally overlapping, do vary greatly in many cases. Thus, in an ideal discrete control system, a number of these methods could be utilized in a complementary fashion.
The above control technologies are generally mature with implementations developed.3'11'15"6'17 Their widespread adoption into the industry however has been slow; this process is being hindered by a lack of a generic run-time framework that facilitates the complementary incorporation of these control algorithm implementations along with other elements of sequential control. It is clear then that the resolution of a framework design is critical to the development of a portable and transferable R2R control system.
In this paper, a generic framework design for semiconductor manufacturing process and equipment R2R control is described that addresses the problems identified in semiconductor manufacturing control science by providing an environment for the utilization of any number of discrete (R2R) control mechanisms in a complementary fashion. Section 2 contains a description of the multi-level control environment in which this framework resides including a background of the state-of-the-art at each control level, and provides a brief survey of the tools available at the R2R control level. The design requirements for a semiconductor manufacturing generic R2R controller are identified in Section 3 . In Section 4 the Michigan Sequential Control and OPtimization Environment (M-SCOPE) and accompanying generic R2R controller are described in detail and evaluated with respect to the design requirements. Section 5 contains a case study of an M-SCOPE R2R implementation utilized in the control of a plasma etcher; implementation results provide an illustration of the advantages of the control system over open ioop operation. This document concludes with Section 6 which contains a summary discussion and an indication of potential future research and development directions.
DESIGN ENVIRONMENT
The R2R control framework design described in this paper represents a major component of the sequential control environment referred to as M-SCOPE.1° M-SCOPE in-turn is part of a multi-level control system that includes real-time equipment and process control as well as pseudo-real-time process control components operating in conjunction with the sequential control component. A typical implementation of this multi-level control system is illustrated in Fig. 1 . Note that the process control problem in this case is broken down into three distinct components: in-situ process factory control, in-situ process control, and discrete (R2R) product control. In the ideal case these three control loops operate concurrently in a hierarchical feedback fashion as shown. Note also that in the ideal factory control environment this multilevel process control system described is a component of a higher level factory control system that provides for the process integration and interprocess control. The role of R2R control in this multi-level process control scheme is to a large extent dependent on the properties of lower layers of control. Specifically, it is dependent on design goals and requirements as well as the state-of-the-art in design and implementation at each level. Therefore a review of the approach and status at these levels is a prerequisite to identifying the R2R control design environment. This review is presented in the following subsections by way of a brief literature survey and a case study of an application to plasma etching.
Equipment control
Direct equipment control represents the lowest level of software control dedicated to a process. This type of direct equipment control is dedicated to the in-situ control of the equipment and the processing environment it creates. This control is maintained in the face of in-situ process and equipment parameter drifts and shifts by utilizing in-situ equipment environment information and altering equipment inputs as necessary. As this type of control necessitates quick and continuous response to process and equipment environment changes, it is often referred to as "real-time control".
Research into comprehensive real-time equipment control in the semiconductor manufacturing arena is in its infancy. 
Process control
Process control, much like equipment control, is a type of in-situ control. However, unlike process control, this type of control is concerned with the equipment interaction with the product (wafer). Specifically process control is dedicated to the in-situ control of the process as it operates on the product (wafer). The control is achieved by collecting in-situ product processing information and altering the equipment processing environment as necessary. As the control is in-situ, a real-time control environment is indicated, however the requirements are not as strict as that of direct equipment control.
The maturity of process control, like equipment control, is governed by the lack of adequate understanding of many semiconductor processes combined with generally insufficient in-situ process sensors.6"° Many elements of process control exist and many others are at various stages of development, however attention
has not yet turned to the development of generic process control systems that are complete and accept R2R control process advices (see Fig. 1 ). Therefore, as with equipment control technology, it must be concluded that process control technology is has not reached a state of maturity for incorporation into a generic control system.
112R control
R2R or Supervisory control is the highest level of control dedicated to a single process. As stated earlier, this type of discrete control utilizes process and equipment data collected ex-situ along with historical knowledge of the process and equipment to suggest process recipe modifications so as to maintain or better achieve process output target values in subsequent process runs. The control feedback is accomplished by suggesting target output values to the next lower level of control (see Fig. 1 ). In the absence of lower level control, the R2R feedback would consist of suggestions for equipment input parameter settings.
A view of the state-of-the-art of R2R control in semiconductor manufacturing reveals that the technology is in general much more mature than that of direct equipment and process control. As an example R2R controllers based on statistical algorithms as well as expert systems have been developed for a variety of processes.7"5"7 It must be concluded that the near-term development of a generic R2R control system must not be dependent on the existence of equipment or process (i.e., in-situ) control. Eventually, however, as insitu control reaches maturity, the generic R2R system should provide a migration path for the incorporation of the additional control capability. This view is illustrated in Fig. 1 .
Algorithms for R2R control
In order to realize a generic framework design for semiconductor manufacturing R2R control, the various algorithms available must be investigated so as to identify their potential role in the system. Specifically, the scope of application, maturity/availability, and cost of each algorithmic approach should be ascertained. Table 1 provides a summary of availability and cost information associated with a number of algorithms.
Unfortunately the scope of application of each algorithm is not clearly indicated, however two general comments can be made: (1) there does not appear to exist any single algorithm that may be utilized throughout the entire regime of R2R optimization and control, and (2) the ranges of applicability of the various algorithms though overlapping, are generally different.9"° As an example, the statistical optimization algorithm developed by ULTRAMAX corporation has been shown to be effective for R2R process optimization, however the algorithm is not recommended for controlling a process near its optimum.9 On the other hand, a first order linear approximation algorithm developed at MIT is effective in maintaining a process near its optimum, but is not effective as an optimization mechanism. 15 To summarize, all of the R2R algorithms surveyed exhibit tradeoffs with respect to scope of application, availability, cost, etc. This fact, combined with the varying degrees and types of control requirements placed on a R2R controller by the various equipment types, leads to the conclusion that a truly robust framework design should not utilize one R2R control algorithmic approach. Indeed, the framework should facilitate the utilization of a number of algorithms in a complementary fashion.10'-5 Uses neural networks for global optimization and maintains a target range for output. Useful primarily for optimizing a well behaved process given initial data. Goals are similar to the MIT Run-by-Run controller in tracking the optimum. Does not required one to initially input a model, the software builds its own models given initial data. Has been shown to work in .
• situations where the MIT method has failed.
382/SPIE Vol. 2091 A review of the current design environment along with anticipated future trends in lower level control system development leads to a set of generic R2R control system design requirements, guidelines and desired capabilities. These guidelines, summarized in Table 2 , admittedly provide a panacea to the control problem that is probably unattainable at present, however the requirements I capabilities are listed nevertheless to ensure that any resulting design does not unnecessarily preclude the eventual incorporation of a design capability. Referring to Table 2 , note that the most important requirement I guideline is that any framework design be as generic as possible with respect to the controller hardware and software base, communication protocols utilized by the controller, and process and equipment being controlled. Adhering to this guideline will result in a much more portable solution with reduced machine startup and system training costs. The second important requirement is that the design should have the capability to easily incorporate existing (hardware and software) components into the R2R control system. This requirement is important because, as stated earlier, software technology in various aspects of R2R control is mature and thus many tools for facilitating R2R control have already been developed.7'8'9'10"1"2'15'16'17 Any design should be able to easily use these tools and thus avoid "re-inventing the wheel". The related third design guideline, namely that the design be capable of providing R2R control with or without in-situ control, arises from the fact that, as noted earlier, research into in-situ control in semiconductor manufacturing is in its infancy and should not be considered yet as a transferable or widely applicable technology. Thus this type of control is not yet available for incorporation into a generic control environment.
1.)
Generic with respect to software, hardware, communication protocols, and process and equipment being controlled.
2.)
Capability to incorporate existing hardware and software components as necessary.
3.)
Capability to provide R2R control with or without lower level (in-situ) control.
4.)
Dynamic operation with respect to process drift and shift, and target shift.
5.)
Capability for in-operation updating of control scheme. 6.)
Accommodates existing software, hardware and communication standards. 7.)
Capability for complementary utilization of a multitude of control and optimization threads in a complementary fashion. The fourth design guideline, i.e., a dynamic capability, reflects the dynamic nature of typical semiconductor processes. Most semiconductor processes are impacted by a large number of equipment and process input and environmental parameters in a convoluted fashion, thus processes are characterized by continual drift and shift that is not always fully controllable.1'6"° Any design must be able to maintain adequate process optimization control in the face of this dynamic processing environment. Furthermore, as the design application is expected to include flexible manufacturing systems, the controller design should have the dynamic capability to respond to changing process target values. The fifth design guideline, that the controller have a capability to be taught on the fly, also reflects the dynamic and complicated nature of semiconductor processes. Indeed, many processes are sufficiently complicated that the control system developer generally cannot identify a priori the complete set of control events that are to be associated with the system."6 However with a run-time system learning capability in place the process engineer, expert system, neural net, etc., overseeing the control system would be able to teach the controller to respond to unforeseen control events as they occur.
Another design requirement listed, namely adherence to standards, is a complicated issue. Standards (actual and/or defacto) currently exist, are being proposed, or are being developed in many areas in hardware, software and (especially) high-level communications / messaging, that may impact the design of a R2R controller in the semiconductor manufacturing arena. In the communications area, the SEMI Equipment Communications Standard (SECS) is a messaging standard for communications with an equipment controller.4 Also the SEMI Generic Equipment Model (GEM) specification details SECS message scripts and identifies associated equipment models to provide a standard mechanism for communicating standard events to/from equipment controllers such as establishing communications and alarm reporting.5 As these SEMI standards are widely supported, a critical R2R control design requirement is that it support the high level protocols of SECS and SECS-GEM messaging. Note that any design requirement to adhere to lower level defacto communications standard, e.g., TCPIIP, is superseded by requirement number one, namely that the design be communication protocol independent. At the software and to a small extent the hardware level, current and just completed activities within the SEMATECH Advanced Equipment Control (AEC) and Strategic Cell Control (SCC1) projects and TI/ARPA/USAF Microelectronics Manufacturing Science and Technology (MMST) project have dealt to some extent with software platform issues and software tool sets.3"6 Any R2R controller design, wherever possible should not conflict with any recommendations forwarded from these projects.
The final major design guideline listed is a capability for complementary utilization of a multitude of control and optimization threads. As noted earlier, there does not appear to exist any single algorithm that may be utilized throughout the entire regime of R2R optimization and control, thus the need is indicated for a scheme that provides for the accommodation of any number of optimization and control algorithms simulation.
CONTROLLER DESIGN
A R2R control design conforming to the specifications listed in the previous section has been developed as the major component of the M-SCOPE environment. The design is hardware, software, and communications protocol independent, and is generic to the multitude of semiconductor processes. An overview of the controller design and operation is illustrated in Fig. 2 . Note that the design features five components that together provide for R2R process control. The general functionality of each component is easily described by tracing a R2R control I optimization cycle. At the beginning of the cycle a high level process request is sent to the controller by a process engineer or factory controller. Note that the process request is non-equipment specific, i.e., it contains no information about specific equipment input values. The recipe download module accesses the controller database and retrieves the equipment identification and equipment recipe that corresponds to the process recipe. The module then communicates this recipe to the appropriate equipment controller. After the wafer to be processed is loaded into the equipment, the recipe download module sends a command to the equipment controller to start the process (utilizing the downloaded recipe). While processing is occurring, the process monitoring module provides a level of process and equipment monitoring and diagnostics. When this module determines that the process has been completed, it indicates the state of the process to the controller. The metrology module is then invoked; this module retrieves process and equipment data collected ex-situ. The process optimization and control module examines this data and compares actual results with process target values. This module then attempts to determine a "better" equipment recipe to correspond to the high level process recipe, i.e., it modifies the existing equipment recipe so as to better achieve process target values. (The process optimization and control module algorithm is described later in this section.) Finally, as the last step in the R2R cycle, the updated equipment recipe is stored in the controller database and linked to the appropriate high level process recipe by the process and optimization module. Throughout the R2R control cycle, the Generic Cell Controller (GCC) module serves as the "glue" to coordinate the information flow between process modules so as to achieve run-to-run control. 13,14
Among the five R2R control modules, the GCC and process optimization and control modules require further explanation; an explanation of the qualities of the GCC serves to highlight the portability and dynamic features of the R2R system, while a detailed description of the optimization and control module serves to illustrate the design capability that allows for complementary utilization of any number of control and optimization algorithms in a generic fashion. These descriptions are presented in the following subsections.
Generic cell controller core

START
The Generic Cell Controller (GCC) is a discrete control mechanism that utilizes a relational database as opposed to procedural code to store the sequential control information of a controller.3'14 The database schema is tailored for the storage of event driven sequential control algorithms, while the actual control algorithms are contained in the database data. For this reason the GCC is capable of supporting complex and dynamic control algorithms that are characteristic of many R2R control systems. Further, due to GCC database interaction specifications, a very high degree of modularity is established with GCC applications.
This results in both high portability and transferability of software, and a capability to easily and arbitrarily incorporate commercially available R2R control components into the system. It is also important to note that the 0CC design is truly generic as it is hardware, software, communications, and implementation independent, and supports current communications standardization trends.5 Finally, a unique feature of the GCC is its ability to recognize when an existing embedded control algorithm is incapable of servicing an incoming event, and subsequently ask to be updated, i.e., taught "on-the-fly".
Process optimization and control module
The process optimization and control module serves to alter equipment and process parameters in a recipe so as to better achieve or maintain target process output parameters. The module algorithm, illustrated in Fig.   2 , includes a multi-thread process control and optimization scheme.'° The data input to the algorithm includes process and equipment identifiers as well as process and equipment metrology (ex-situ) data for a particular run. In the first step of the algorithm (Fig. 2 ) the input data is used to identify the batch, process, recipe, etc., for which the data is being reported. Once this identification is achieved, a determination is made of whether or not the data received is within specified limits, i.e., whether the process is worthy of further analysis and possible optimization, or, alternatively, if a "specification limits exceeded" error should be reported. This determination is made by comparing the received data with parameter limits In the next segment of the algorithm, mathematical/statistical models and methods are used to identify which combination of the available process analysis threads should be invoked so that the (statistically/heuristically) optimal or "best" advice on the process recipe will result. In the absence of detailed specifications for these models and methods, simplistic models consisting of general guidelines have been developed for a "first" implementation of the R2R control algorithm; these guidelines are generally sufficient to identify regimes of operation of process analysis threads and thus determine invocation possibilities. Note that, as "better" models and methods are developed, this segment of the algorithm may be easily updated.
With the determination made of how the process analysis should proceed, the appropriate process analysis threads are invoked in the next segment of the algorithm. There are a number of process analysis threads that could be implemented (see Section 2.4). Each process thread may utilize different analysis and optimization techniques, however all threads will have the same I/O specification. The input to each thread includes the process and equipment output (metrology) data received for the last run, as well as indicators of models, histories, etc., for the current process and equipment. The output of each thread includes an "advice" or recommendation on an (improved) recipe (parameter set) along with a weight indicating a confidence in the recommendation. Note that because there is consistency among I/O specification among threads, all process analysis threads may be inserted I removed without the need for additional implementation specific 1/0 mapping software. This portability issue is discussed further below.
After the process has been analyzed in one or more threads, a "best" set of advices (recipe) is derived as the next step in the algorithm. This derivation results from comparing the weighted advices from the one or more process analysis threads activated for the current run. This "best" recipe is the main component of the module output. In the final step of the algorithm, an analysis is made of fl models impacted by the modules input and output data. These models are updated and the algorithm returns to a rest state.
Conformance to design requirements
An analysis of the R2R controller design presented versus the design requirements identified in Section 3 reveals that the design satisfactorily meets all guidelines. The GCC core results in a design that is independent of hardware, software, communication protocol, and to a large extent the process and equipment being controlled. Indeed in most cases the only portion of the system that would vary among the processes and equipments is a portion of the GCC data (see Section 4. 1). Thus the R2R controller design is very portable. Further, the utilization of the GCC core also results in a design that provides for the easy incorporation of existing R2R control components, is capable of providing R2R control with or without insitu control, supports the control of dynamic and flexible processes, and has a capability to support system learning "on the fly". The process optimization and control algorithm is multi-thread, thus providing a capability for complementary utilization of a multitude of control and optimization threads. Finally, the generic and modular design allows for adherence to the various semiconductor manufacturing standards.
IMPLEMENTATION CASE STUDY: R2R CONTROL OF PLASMA ETCHING
A feasibility implementation of the R2R framework has been developed for the optimization I control of a plasma etching process in an Applied Materials 8300 Reactive Ion Etcher. The etching control environment is illustrated in Fig. 3,10 ,h1,12 The R2R controller was developed on a SUN SPARC 10 workstation. The GCC database was developed using the ORACLE RDBMS and interacts with the rest of the controller via a Structured Query Language (SQL) interface. The R2R controller communicates with the equipment via a TCP/IP over Ethernet communication link. This link is capable of supporting the communication of SECSlike information between the R2R and equipment controllers.
Experiments conducted for this case study involved the etching of a simple 3-layer PolySilicon / Si02 / Si wafer as illustrated in Fig. 3 . The optimization / control scheme incorporates two threads: (1), an optimization I model building package that utilizes in-situ process data, and (2), a variant of a first order sPc algorithm developed at MIT.10"5 (Note that results of an earlier single thread scheme incorporating ULTRAMAX for process optimization have been documented elsewhere.'2) In the following subsections, the R2R implementation framework is described in detail. Results associated with the utilization of each of these two threads in a multi-thread environment are then presented. In the future, the GCC will have two concurrent processes so the Conductor can push incoming events onto a queue while, at the same time, performing Actions. This multi-processing approach will make the GCC more responsive.
The two main parts of the Database are the Control Knowledge and the System State. The Control Knowledge is used to make decisions as to what modules to call based upon input to the GCC. The functionality of the CCC can be changed on the fly by simply modifying the Control Knowledge. The System State is updated by the modules to maintain a virtual image of what is going on with the GCC's children.
Modules implement the application-specific details of the GCC. The Modules are independent of one another, since the Database alone determines the invocation of the Modules. Modules are messaged by the Conductor when it interprets the response sent to it by the Database. At that time, the Modules have an opportunity to either send a message to a parent or a child or modify the Database. Note that a third-party applicationspecific module can be dynamically loaded into the GCC at runtime. The Control Knowledge Database can be populated with rules that will invoke the module by a learning system.
The GCC has both a graphical and a text-based user interface. Both user interfaces are modeled as a piece of equipment within the facility network. This allows the GCC interaction with the interface to be as generic and dynamic as possible.
5.2 Utilization of an in-situ modeling scheme for optimization in a multi-thread environment
The first R2R control implementation for the plasma etcher was tailored towards maintaining target parameters of average etch rate and over etch depth while controlling the input equipment parameters of etch time and oxygen flow. Other etch recipe parameters such as power, pressure, and various gas flows are kept constant. As for the R2R implementation, two threads are incorporated, one for optimization and one for control. The optimization thread utilizes models derived from process data collected in-situ. Specifically, the thread uses in-situ etch rate and over etch data of the plasma process to formulate multivariate process models. As an example, Fig. 4 shows in-situ etch rate data as a function of etch time aid oxygen flow for this etching environment. From this data, model equations are derived relating etch rate and overetch depth to etch time and oxygen flow. These equations are then utilized by the optimization thread to suggest etch time and oxygen flow equipment recipe parameter values so as to optimize the process with respect to process target parameters of average etch rate and overetch depth. The equations are also used to derive first order approximations about the target operating point (see Fig. 4 ); these approximation equations are utilized by the corresponding control thread (see Section 5.3). Note that the process model equations may updated be as needed by collecting and processing additional in-situ process data. 
Utilization ofa first order approximation algorithm for control in a multi-thread environment
The second implementation thread, a control thread, is utilized for R2R control after the optimization thread has characterized the process and suggested an optimal operating point (see Section 5.2). The thread incorporates a variant of a first order approximation algorithm developed at MIT.'5 Specifically, the algorithm utilizes a multiple Taylor series expansion about an operating point indicated by a process recipe (i.e., an average etch rate, over etch depth target pair) to derive first order characteristic equations of the process (see Fig. 4 ). The constant terms of these characteristic equations are then adjusted sequentially as needed so as to provide robustness of control in the face of process drift, shift and target changes.
A number of run-to-run experiments were conducted to evaluate the stability of the run-to-run controller and its ability to adjust to process target and sensor drift. Fig. 5 provides a graphic summary of these results. Note that the run-to-run controller adjusts the process rapidly to compensate for both target shifts (etch rate target changed after run #8) as well as process perturbations such as sensor drift (oxygen flow sensor A framework has been conceptualized, designed and developed for the R2R control and optimization of semiconductor manufacturing processes. The state-of-the-art of various levels of control in semiconductor manufacturing has been assessed and a design environment for R2R control has been identified. Design requirements have been derived. The resulting design meets these requirements. The design is very generic (software, hardware, communications and process independent) and modular, and has an ability to easily incorporate commercial control software and communication packages, has a capability to provide R2R control with or without lower level (in-situ) control. The design also has dynamic control features, is capable of supporting hardware, software, and communications standards, and has a capability for complementary utilization of sequential control and optimization threads. The design features a generic cell control algorithm which serves as the "glue" to coordinate the information flow between the various process modules involved in the R2R control scheme. This utilization of the GCC results in a system that has the qualities of software and hardware independence, a high degree of portability and modularity, and a capability to handle complex control algorithms using a relational database. A multi-thread R2R control algorithm incorporated into the framework provides for the complementary utilization of multiple control and optimization methodologies in a single implementation. Results of a feasibility implementation of the framework, developed for the optimization I control of a plasma etching process, indicate significant improvement over open 1oop operation.
In the future, research in this area will continue in the development of control and optimization threads as well as algorithms that can provide for the complementary utilization of these threads in a R2R system. One key area of research will be the development of algorithms that determine the range of applicability of each control and optimization thread and subsequently optimize their collective utilization in the multi-thread scheme. Research efforts will also be focused on the further development of the GCC core to support fuzzy control as well as to support and enhance in-situ control. Many of the components of the R2R framework (e.g., the GCC core) will also continue to be investigated with respect to their application to lower levels of (insitu) control. In the technology transfer area, work is continuing on the development of a complete M-SCOPE R2R software system that could be transferred easily to industry.
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